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INTRODUCTION 
The question of what happens to accommodation when there is no stimulus demand to 
accommodation has been a nebulous one for theorists and clinicians ever since the 
conception of the idea. In dealing with research and literature in this area, the first hurdle 
encountered is the semantics involved. 
The most commonly used and confused terms are "dark focus" and "tonic 
accommodation." By generally accepted definitions, tonic accommodation is the resting 
position of accommodation when no stimulus demand to accommodation is present in the 
visual field. Dark focus is the state of tonic accommodation when the lack of 
accommodative stimulus occurs due to total darkness (darkness with regard to visual 
perception). Hence, the two terms may be interchangeable only when the absence of 
stimulus to accommodation is generated through complete darkness. 
Tonic accommodation is the more general term as it describes the resting posture of 
accommodation regardless of the means used to attain it. For instance, the effect of 
darkness, proximal effects, viewing with a pinhole and Ganzfeld testing all essentially 
provide the same information regarding the accommodative posture.l,2,3 Any term 
describing the accommodative posture using these techniques is simply inclusive of the 
environmental conditions utilized to find the tonic accommodative posture. 
Therefore when analyzing the literature in this area, the reader must clarify in her/his 
mind what conditions are actually being discussed and extrapolate the information to other 
potential situations. For example, Owens and Higgins4 in 1983 stated that "dark focus has 
been characterized as a passive state, a tonic balance of neural innervation which influences 
the accommodative response at all stimulus levels." This is a marvelous summary of the 
currently popular theory of what happens neurologically to accommodation, but by 
definition, the authors exclude the same passive state of accommodation when it is made 
manifest by an environment other than complete darkness. 
Much of the more recent research has afforded easier access to the measurement of tonic 
accommodation. There are currently several methods of measuring tonic accommodation in 
vogue. These include the laser Badal optometer,5 dark retinoscopy,6 photorefraction,7 and 
autorefraction. 8 The laser Badal optometer has been the most commonly used piece of 
equipment in research in recent years. It provides very consistent and accurate information 
although it tends to overestimate the force of accommodation in some subjects.9 When 
considering the measurement of tonic accommodation, the literature implies that true tonic 
accommodation must be measured monocularly unless in the dissociated state of a 
Ganzfeld, complete darkness, etc. to eliminate any dynamic convergence factors.IO 
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Table 1 provides some of the various values reported for the dark focus. Due to Owens 
and Leibowitz's large sample size of 220, their value of 1.52+-.77D is the most commonly 
accepted value for the average dark focus of accommodation. II 
Dark focus findings have been suggested as a basis for in prescribing lenses for 
conditions of viewing with decreased accommodative cues.6,10,12,13 One method which 
has been advocated for prescribing suggests placing minus lens power equal to one-half of 
the dark focus over the best subjective photopic distance correction.12 
Leibowitz et al.lO showed that using contrast sensitivity (effectivity of 11 cpd) using the 
1/2 DF (dark focus) prescription method maximized contrast sensitivity when compared to 
the full dark focus value monocularly. They found that binocularly, no prescription 
change was needed to maximize contrast sensitivity while the l/2 DF addition produced an 
insignificant change in contrast sensitivity. They suggested that for binocular conditions, 
the presence of vergence accommodation may modify or eliminate the need for a correction. 
Several studies have provided key findings to aid our understanding of the characteristics 
of tonic accommodation. They have shown statistically comparable values for dark focus, 
proximal accommodation, 1,3 viewing in a Ganzfeld, 1 or accommodative posture using a 
small pinhole.2 This suggests that the use of the term "tonic accommodation" is more 
appropriate when describing general accommodative function. 
The tonic level of accommodation is also related to the corrected refractive state of the 
eye, with late onset myopes having the least difference from their refractive states and 
hyperopes having the largest difference.8 It has also been shown that there is a negative 
correlation to pre-task demand and the position of tonic accommodation. In other words, if 
a pretask has a high-level accommodative demand, the tonic accommodative posture after 
this demand will actually recede. IS Further investigation shows that this negative 
correlation to pre-task demand is only notable in hyperopes.l6 
Tonic accommodation is a stable value for an individual. Long-term4,11,17,18,19 and 
short-term18,19 stability has been well documented. But small, frequent nonsystematic 
temporal variations do occur in the tonic accommodative posture.20 This implies that to be 
confident of the measurement of a particular individual's tonic accommodative posture, a 
series of measurements should be taken. 20 
Johnson's21 work also provided some key observations. He noted that the 
accommodative range decreases as illuminance decreases. He also noted that the position 
of best acuity resolution corresponds with the resting posture of accommodation. 
Additional studies by Owens and Leibowitz show that tonic accommodation and tonic 
convergence are not posturally related and one has no determinant effect on the function of 
the other.22 
2 
While all of these studies help us understand what happens to accommodation under 
stimulus-free conditions, they do not describe the accommodative posture in a semi-
degraded environment nor the subjectively determined accommodative posture. 
In addressing the questions raised concerning environments with only degraded 
accommodative stimulus cues, we know that the more stimulus to accommodation is 
degraded, the more the accommodative posture returns toward the "dark focus".4 We also 
know that there is a range of accommodative postures from photopia to scotopia to zero 
accommodative stimulus which is specific for an individual.20 To complete this line of 
thinking, Krumholz wrote that visual stimuli have a stabilizing effect on tonic 
accommodation.20 This delineates why we need testing to define the functional aspects 
subjectively: to define what the accommodative system for an individual is doing and how 
that individual visually interprets the environment. Stated otherwise, while the objective 
findings measure the accommodative posture at a given time for a given environment, the 
subjective findings should allow the accommodative system to show how it operates 
according to the tendencies of the individual's visual system in that same environment. 
Hence, it has become increasingly important to know the subjective and objective 
responses to fully understand the implications of the posture of tonic accommodation. 
Research of subjective aspects of accommodative behavior in degraded stimulus 
environments is lacking. The study which follows was designed to compare subjective and 
objective accommodative findings measured under low illuminance conditions. In theory, 
the subjectively defined posture of accommodation under low illumination should relate to 
the objectively defined posture. Both of these values should lie between the test subject's 
7a and tonic accommodative posture (with the possible rare exception of more hyperopia 
under degraded stimulus conditions as shown in table 1.) 
Our study is designed to compare the objective and subjective postures of accommodation 
under scotopic conditions. The objective accommodative posture is found using a Canon 
Autoref R-1 and the subjective accommodative posture is found using a six-meter crossed-
cylinder test with a constant-contrast target. The tests and conditions are described 
elsewhere. 
REPORTED VALUES FOR DARK FOCUS 
RESEARCHERS MEAN VALUE STD. DEY. RANGE SAMPLE SIZE 
KNOLL ------ -- -.125 TO -.75 6 
OWENS & LEIBOWTIZ ------ --- -.37 TO -2.89 59 
OWENS&LEIBOWTIZ 1.71 .72 0.0 TO -4.0 124 
OWENS & LEIBOWTIZ 1.52 .77 +0.4 TO -4.0 220 
EPSTEIN ET AL. ------ -- +0.5 TO -5.1 300 
Table 1. 
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METHODS 
GENERAL PROCEDURE 
Initially, each subject was tested to find the binocular refraction to best visual acuity 
(OEP #?a). Several (>5) measurements were then taken with a Canon Autoref R-1 for 
distance viewing under normal room illumination. They were then measured with a 
constant-contrast six-meter crossed-cylinder test (described below) under normal room 
illumination. 
The subjects were then allowed to dark adapt for eight minutes. The specific values of 
illuminance and reasoning for adaptation time is presented elsewhere. 
The six-meter crossed-cylinder test was repeated under these scotopic conditions 
followed by several (>5) Canon Autoref R-1 measurements in scotopia. 
AUTOREFRACTION 
The Canon Autoref R -1 has been found to give an accurate and reliable measurement of 
the refractive state of the eye.23 McBrien an Millodot have preferred it's use for 
measurement of the dark focus when compared to the Badal Laser Optometer because of its 
completely objective nature, lack of visual stimulus and ability to take approximately one 
reading per second.8 Although our scotopic conditions were not complete darkness, these 
same characteristics of autorefraction were assumed to be beneficial for our experiment. 
The autorefractor measurements were taken according to standard procedures: the patient 
fixated at a distant point and the alignment of the machine and focus of the mires were 
checked with a video monitor before each reading was taken. For the scotopic 
measurement, however, the point of fixation was degraded sufficiently that it was not seen. 
So for this measurement the subject was instructed to "look" where the previous fixation 
point had been. This provided adequately steady fixation for the procedure. 
In order to minimize visual stimulation from the video monitor, the screen was placed out 
of the subject's view and the luminance from the screen was dimmed to the minimum level 
that allowed the tester to monitor fixation and take the measurements. The luminance from 
the monitor was accounted for in the lumination measurements. 
CONSTANT-CONTRAST SIX-METER CROSSED-CYLINDER TEST 
A "T" chart was generated which was circular (30-1/2 inches in diameter) and had three 
3/4 by 17-1/2 inch stripes positioned 2-3/8 inches apart to form each of the vertical and 
horizontal components of the "T". It was mounted in a way that it would be rotated 360 
degrees for any test-indicated orientation. The size and style (T-shaped) were derived from 
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many trials testing style and size variations under scotopic conditions. The shape was 
preferred for the ease of identifying reversal points under low illumination. The size of the 
T -target was the smallest separation of lines which still allowed appreciation of the 
separation of the lines under scotopic conditions. The target was painted to provide a 
constant percentage of contrast between the target and the background surface regardless of 
the room illumination. 
The preset for testing involved placing the 7a values in the phoropter (B&L Green). The 
phoropter's +-.50 crossed-cylinder was oriented in a manner that astigmats with minus 
cylinder axis 67-112 degrees looked through a 90X180 orientation; and astigmats with 
minus cylinder axis 158-180 or 180-22 degrees looked through a 45X135 degree 
orientation. The "T" chart was oriented corresponding to the crossed-cylinder orientation. 
Plus 1.00 diopter sphere was added to each eye prior to beginning the test. 
Values were obtained by typical six-meter crossed-cylinder procedures, asking for the 
subjective clarity of the target features, noting the point of the reversal of feature clarity. 
This provides the six-meter equivalent of the OEP 14a (since our test was conducted 
monocularly). If the reversal point was identical on a repeated trial, that value was 
presumed to be accurate. If the repeated trial yielded a differing value or if the subject's 
responses were ambiguous, additional repetitions were performed until two consecutive 
trials yielded identical results. 
The subjects were dark adapted after the first (photopic) crossed-cylinder test. Although 
there is some disparity in the literature regarding the time necessary to dark adapt, 
8,20,24,25,26 we chose the value of eight minutes as an adequate time for our study, 
inasmuch as it meets or exceeds the time used by Schor et al.25 and McBrien and 
Millodot.8 
For the low illuminance conditions, a dim light source was standardized for our room and 
set up as indirect lighting. The average illuminance of the exam room for dark adaptation 
and testing was .010 lux as measured with a Tektronics J-16 Digital Photometer combined 
with a J6511 llluminance Probe. This value is approximately 7.7% of the maximun retinal 
illuminance allowed to be defined as scotopia (considering the maximum luminance value 
of .034 cdfm2 allowed to be defined as scotopia26 and assuming 80% reflectance from a 
dull white surface). 
The crossed-cylinder tests under low illumination were conducted in the same manner 
and with the same presets as for the photopic tests with the exception that the preset sphere 
value was + 1.00 diopter over the reversal point of the photopic crossed-cylinder test. 
Fifteen subjects were selected on a volunteer basis from a college undergraduate and 
optometric student population (ages ranging from 20 to 32 years old). All subjects could 
resolve 20/20 ( 6/6) or better with each eye and had no uncorrected anisometropia, 
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strabismus, amblyopia or presbyopia. All subjects either took no medication or were not 
taking medications with any known visual or accommodative side effects. No potential 
subjects were refused on the basis of their refractive error unless it showed greater than 
1.50 diopters of astigmatism. This was based on the assumption that with relatively low 
amounts of astigmatism, the subjective acceptance of cylinder would approximated the 
actual astigmatism present and any large amounts of subjectively uncorrected astigmatism 
could potentially confound the comparison of the six-meter crossed cylinder test to the 7a. 
Each subject had the procedures and the study explained to them verbally and in writing 
and signed an informed consent form. 
CALCULATIONS AND STATISTICS 
The first reversal (the more minus value) of the crossed-cylinder test was used for 
comparison, as this finding was very repeatable for each test subject, even with the 
decreased resolution of the target All of the recorded test values were converted to 
equivalent sphere for analysis. The multiple measurements of the autorefractor were 
averaged for each test subject to arrive at a single value. Since both eyes of each subject 
were tested, it was arbitrarily decided to use the more myopic eye as defmed by the ?a 
equivalent sphere or by the photopic autorefraction of no anisometropia was present in the 
7 a equivalent sphere. 
All further data calculation and analysis was done on a StatView 512+ program. All of 
the graphs generated for comparison were also produced by this program. Calculations 
were made of the difference from each photopic autorefraction to each photopic crossed-
cylinder test and from the 7a to each photopic test value for each subject These 
calculations were compared by percentile and by simple regression analysis (which also 
generated correlation and significance values). The calculated value for the subjective and 
objective accommodative postural differences was the difference of the photopic 
autorefraction and crossed-cylinder test That difference indicates the measurement 
difference inherent for the two tests used (considering the comparison of the more minus 
reversal point). The assumption is made that this inherent response difference will be 
constant at all illuminance levels. This value is then subtracted from the subjective to 
objective accommodative posture difference relative to the 7a under scotopic conditions. 
This provides an indication of the amount of the subjective to objective difference that is 
caused by the darkened conditions. 
LIMITATIONS OF METHODS 
The autorefractor measurements do not take into account any nonsystematic temporal 
variations noted by Krumholz. 20 The employed method does not monitor any voluntarily 
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generated accommodation27 or any convergence factors (convergence factors could be 
potentially confounding in low illuminance environments which are not completely devoid 
of visual cues to accommodation).lO 
The rod receptors of the eye require 30-60 minutes to fully dark adapt,26 therefore the 
scotopic crossed-cylinder fmdings may be different after the rods are maximally responsive 
as opposed to the eight minutes allowed in our testing. 
RESULTS 
For general information, a look at the percentile comparison of the photopic subjective 
and objective findings (figure 1) demonstrates the distribution tendencies of the two tests. 
This gives us a baseline feel for the interaction of the two tests under "normal" conditions. 
Initial observations of the scotopic (subjective and objective) fmdings (figure 2) show a 
very high correlation (R2=.842) (table 2) with a mean difference of 1.129 (table 3). This 
indicates that the test subjects prefered approximately 1.125 diopters more minus lens value 
as a refraction over their objective accommodative posture when tested in the manner 
described. 
Using the 7a as a common reference, the change in accommodative posture under low 
illumination as measured objectively and subjectively (figure 3, figure 4) showed a 
correlation that is theoretically significant, but definitely not a strong correlation (R2=.217) 
(figure 5, table 5) with a mean difference of .971 more minus for the subjective calculation 
(table 4). So the amount of variability of subjective or objective postural change attributed 
to the other is 21.7%. This shows that there is approximately 1.00 diopter more myopic 
change reported subjectively than measured objectively when tested in this manner. 
Further examination of the subjective and objective postural changes from the 7 a shows 
the F-test value (3.593, p=.0804) implying that the differences of the two factors 
demonstrate a statistically significant relationship (figure 5, table 4, table 5). Therefore, the 
correlation demonstrated by R 2 can be assumed to be present. 
The actual difference of the subjective and objective posture of accommodation relative to 
the 7a is found by removing the inherent response difference for the two tests as found by 
photopic measurements (figure 1, table 6). This calculation shows us that 0.409 diopters is 
the actual difference in accommodative postures as defmed by our subjective and objective 
tests with the subjective findings being more myopic (or less hyperopic). 
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Scotopic Objective and Subjective Findings (Statistics) 
I Simple Regression I I Paired t-test I 
R-squared .842 Mean X-Y 1.129 
F-test 69.083 Paired t-value 5.965 
p .0001 Probability (2-tail) .0001 
Table 2. Table 3. 
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regression line. The two curved lines indicate the 95% confidence bands for the true mean of the subjective shange of 
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Mean X-Y 
Paired t-value 
Objective and Subjective Change of Accommodative Posture 
from 7a to Scotopia (Statistics) 
Paired t-Test I I Simple Regression l 
.971 R-squared .217 
5.192 F-test 3.593 
Probability (2-tail) .0001 p .0805 
Table 4. Table 5. 
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Analysis of Objective and Subjective Change of Accommodative Postures 
I Analysis of Objective and Subjective Accommodative Postures I 
Obj. and Subj. Ace. Postural Change (7a to Scotopia) 1.030 
Obj. and Subj. Ace. Postural Difference-Photopia .621 
Difference of Obj. and Subj. Ace. Postural Change (7a to Scotopia) .409 
Table 6. 
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DISCUSSION 
Our study showed that in scotopic conditions the average accommodative posture shifted 
only slightly in the myopic direction from the 7a when measured objectively. However, 
the subjective measurement showed a much larger shift toward myopia. 
Of further interest is the almost perfect match of our mean crossed-cylinder change 
(photopia to scotopia: -0.617 diopters) and the mean subjective finding of Masters and 
Roth's27 (-0.65 diopters) study which used a decreased-contrast projection chart under low 
room illuminations to find the subjective accommodative posture. 
The consistency of the subjective accommodative change among the subjects and the 
correlation of the subjective and objective values delineates the importance of defming the 
relation of the subjectively reported accommodative posture under degraded visual 
conditions and the tonic accommodative posture. This relation is of paramount importance 
due to it's implications theoretically and clinically. Theoretically, it would inform us of the 
subjective influences at different levels of degraded visual cues and may show the 
relationship where objective findings meet subjective findings. Clinically, it gives a more 
accurate perspective of the visual system and the visual preferences. It would provide us 
with the lens amount preferred at a given level of visual degradation while also providing 
an estimate of how far myopically that preference may go with a more visually degraded 
environment. 
CLINICAL IMPLICATIONS 
Under usual clinical conditions, the most common methods of prescribing lenses are 
based primarily on subjective findings. With respect to the issue of prescribing lenses for 
visually degraded environments, the literature demonstrates the importance of considering 
individual variances of tonic accommodation.1,5,29 Leibowitz and Owens II indicated that 
the optimal correction needs to be based on the forementioned individual basis after 
defining the stimulus adequacy of the environment in which the correction is to be used. 
Hope and Rubin incorporated more real world factors when they stated "Since most reports 
have demonstrated that mesopic conditions yield less myopia than scotopic 
conditions,5,12,30 we can expect that correction at night driving luminances would be 
somewhat less than the full dark focus value" and "Some percentage of (the dark focus) 
value (or full value) should be described. The amount would depend on the conditions 
under which the correction will be used." 26 
It has also been noted that the presence of a stimulus for vergence accommodation must 
be a considered factor since it's presence may decrease or eliminate the need for 
correction.IO This idea acknowledges that there are many factors other than tonic 
1 1 
accommodation alone which come into play once stimulus cues become detectable and 
demonstrates the need to bear in mind the specific conditions in which the proposed 
correction is to be used. 
In summary of the precription criterion question, since each person's change of 
accommodative level (in environments ranging from high accommodative stimulus to zero 
accommodative stimulus) is different,8 using a standard prescription value or applying a 
calculation to the tonic accommodative posture neglects the individual's accommodative 
response to varying amounts of visual stimuli, thereby not necessarily providing the 
optimum correction for that individual in a given environment. Further studies in the area 
of subjective and objective relationships and their implications in lens prescribing are 
indicated before any solid conclusions for prescribing can be drawn. 
Our study suggests that a six-meter crossed cylinder test with a constant-contrast target 
is a good method of finding crucial subjective data. We have shown that the six-meter 
crossed-cylinder value will vary depending on the clarity or degradation of the visual 
environment. We can also make a logical assumption based on known traits of dark focus 
that the amount of subjective change for a given environment is very specific for an 
individual. The wide-spread distribution of the six-meter crossed-cylinder values in our 
study support this assumption (figure 5). 
This study opens the door for a barrage of experiments and considerations. The 
relationship of the subjective posture and tonic accommodation as well as the rate of 
objective and subjective change in a progressively visually degraded environment are just 
two topics raised into question. 
Clinically, studies of lens prescribing techniques are needed. These should test 
subjective and objective methods, combination methods and compare all methods against 
each other. Possible factors to consider for prescription effectivity may be acuity, dynamic 
acuity, contrast sensitivity and subjective symptomology. 
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